Introduction
============

Respiratory diseases pose a large health burden across health systems and consistently rank among the most fatal diseases across developed countries.[@ref1] Chronic obstructive pulmonary disease, lower respiratory tract infections, lung cancer (including tracheal tumours), and tuberculosis have resulted in 2.9 million, 2.4 million, 1.7 million, and 1.2 million deaths, respectively in 2016.[@ref1] Poor outcomes from respiratory diseases are consistent across different health systems with lung cancer, chronic obstructive pulmonary disease, and lower respiratory tract infections being consistently leading causes of death.

The United Kingdom has previously been highlighted as an outlier with higher mortality and morbidity attributed to respiratory disease than other western countries.[@ref2] Previous analysis comparing UK mortality with western Europe, the United States, Canada, and Australia has shown that the UK ranked poorly for respiratory disease.[@ref3] When years of life lost were estimated, the UK ranked 17th of 19 for chronic obstructive pulmonary disease and 18th of 19 for lower respiratory tract infections.[@ref3] For less common respiratory diseases such as idiopathic pulmonary fibrosis, the UK has also been identified as an outlier compared with other health systems with similar health related expenditure.[@ref4] Deaths from respiratory diseases are amenable to healthcare. The UK has ranked poorly in reports comparing amenable mortality in similar health systems.[@ref5] Although measuring outcomes from broad disease categories might have many explanations, this comparative approach remains valuable in assessing overall health system performance. Whether increased respiratory disease mortality in the UK is attributable to smoking, pollution, other environmental factors, or to the delivery of healthcare, requires further evaluation and validation with an independent dataset.

Our primary aim was to compare the trends in mortality from respiratory disease in the UK with Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, Australia, Canada, the US, and Norway (also known as the European Union (EU)15+ countries). We performed an observational analysis of the World Health Organization Mortality Database to compare death rates from primary respiratory diseases. We have previously used data from the WHO Mortality Database to assess changes in trends from cardiovascular and cancer mortality,[@ref6] and used similar trend analysis to assess UK regional variation in cancer mortality.[@ref7] In the current analysis, we have used an independent dataset and longitudinal data to assess trends over a long observation period.[@ref3]

Methods
=======

Data sources
------------

For this analysis of national registry data, we defined comparator countries as the EU15+ countries (excluding the UK). Previous reports have used the EU15+ countries as an appropriate comparator group for health issues in the UK because of similar or higher health expenditure in these countries.[@ref8] This group of countries included the EU member states before May 2004, not including the UK (that is, Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, and Sweden), as well as Australia, Canada, the US, and Norway.

We obtained data for respiratory disease mortality for the countries of interest from the WHO Mortality Database.[@ref9] The database contains country level data for deaths by age, sex, and cause of death from 1955 onwards, as reported annually by WHO member states from their local death registration systems. Data are reported as crude mortality in each country per year. For each country and year, we grouped data within the age groups provided by the World Standard Population, stratified by sex. We then calculated age standardised death rates per 100 000 people in the specific age group by using population data and the World Standard Population.[@ref10] We included data from 1985 to 2015 as these were the most recent data available for most countries. Almost complete data were available for each country studied with a total of 30 of 570 (5%) missing data elements across all countries over the observation period.

Diagnostic categories
---------------------

We included the following ICD (international classification of diseases) categories of respiratory diseases: infectious (including respiratory tuberculosis, influenza, and viral and bacterial pneumonias), neoplastic (including malignancy of trachea, bronchus, lung, and pleura), interstitial (including idiopathic pulmonary fibrosis, and unspecified interstitial lung diseases), obstructive (including asthma, chronic obstructive pulmonary disease, and bronchiectasis), and other (including pneumothorax, pulmonary oedema, and other unspecified respiratory disorders). A list of the ICD-9 and ICD-10 codes (9th and 10th revisions, respectively) used in this analysis is provided in supplementary table 1. We used both ICD-9 and ICD-10 codes for overall respiratory disease covering the period 1985 to 2015. We used ICD-10 codes for the analysis of subcategories of respiratory disease covering the period 2001 to 2015. This was decided a priori to prevent introduction of discrepancies through coding changes.

Statistical analysis
--------------------

We computed age standardised death rates for respiratory disease mortality in the UK and computed the median composite age standardised death rate in the remaining EU15+ countries. We tested for significant differences between the UK and EU15+ countries by using mixed effects regression models for change in mortality using the PROC GENMOD procedure in SAS version 9.4. Each model included all available data years for all countries with estimates for individual country intercepts. We constructed a model which included predictor terms: country (UK or EU15+), year, and the interaction of country with year. We used auto regression to account for within country correlations. The outcome variable was the log of mortality. The coefficient results of this model multiplied by 100 are interpreted as symmetric percentage differences.[@ref11] Significance in the models was defined as P\<0.05. We used locally weighted scatter plot smoother to assess trends in mortality from overall respiratory disease as well as subcategories of respiratory diseases.

Secondly, we repeated the same modelling strategy for repeated measures by using subcategories of respiratory diseases (infectious, neoplastic, interstitial, obstructive, and other) to compare trends between the UK and EU15+ countries. Whereas our analysis of overall respiratory disease mortality assessed trends over a 30 year period by using both the ICD-9 and ICD-10 classification systems, we chose a priori to analyse the subcategories of respiratory disease mortality by using the ICD-10 classification system to ensure maximum comparability of disease coding. We grouped mortality by ICD-10 chapter. For this analysis, we computed age standardised death rates in each subcategory of respiratory disease and constructed data series plots for graphical inspection. Owing to the risk of multiple testing, we corrected using the Bonferroni method the level of significance for the five subcategories of respiratory disease, giving P\<0.01 as statistically significant for the subgroup analyses.

Sensitivity analysis
--------------------

We performed one post hoc confirmatory analysis. For data deposited in the WHO Mortality Database, the preferred sources of information are death registration data, including medical certification of the cause of death and cause of death coded by using ICD categories. One possible explanation for the observed greater mortality in the UK than in EU15+ countries could include differences in medical certification and hospital discharge coding practices between comparator countries. Therefore, after completing the primary analysis to compare respiratory disease mortality, we considered the possibility that differences between health systems for death registration could contribute to the overall differences between the UK and EU15+ countries. We performed a post hoc sensitivity analysis to investigate this possibility and, for this analysis, we assessed trends in mortality for other common broad disease categories, including cardiovascular and cerebrovascular diseases, as well as renal diseases, and compared age standardised death rates for each category of disease. This sensitivity analysis, therefore, compared the UK with EU15+ countries for non-respiratory diseases to consider the possibility that coding practices alone might have contributed to the observed difference in respiratory disease mortality.

Patient involvement
-------------------

To better understand the direct implications of this work on patient knowledge and experience across health systems, we presented our findings to patients with a variety of chronic lung conditions from countries used in this investigation. Specifically, we circulated the results of the current investigation to a total of six patients among the network of the European Federation of Allergy and Airways Diseases Patients Associations and the European Lung Foundation: three with Bronchiectasis (two from the UK, one from the Netherlands), two with Asthma (one from the UK, one from the Netherlands), as well as one with idiopathic pulmonary fibrosis (from Ireland). Patients were asked to comment on the potential implications of this research as well as areas of focus for future research. Patients responded to four questions: all questions were equal to every patient although everyone responded according to their experience, their national healthcare system, and their disease. Responses from patients are summarised as a general answer (non-disease specific) in [box 1](#box1){ref-type="boxed-text"}.

###### Patient perspectives on chronic lung diseases, possible explanations for the results of the current investigation, and areas of interest for future research work

1.  There is wide agreement from patients around the fact that early and correct diagnosis is vital. However, education and awareness is paramount to ensuring adequate management of chronic lung diseases as it will ensure the access to a proper treatment plan and will allow patients to adapt to a healthier lifestyle (eg, quitting smoking, improving physical activities, and avoiding environmental triggers).

2.  Possible explanations for the differences in reported outcomes from these conditions across health systems may include different health behaviours and patient adherence to treatments rather than the medical issues themselves. Poor adherence can have many reasons: for example, side effects of medicines, forgetfulness or lack of motivation, or even opposition against a rigid treatment regimen. Adherence to treatment can be improved through awareness and health literacy; support from family, friends, and patient groups; access to specialised nurses and respiratory physiotherapists; better drugs and devices; digital health; and involving expertise in the areas of adding behaviour, learning styles, stages of change, influencing factors, and self efficacy.

3.  Research priorities should include searching for the mechanisms underlying of lung diseases and how to repair damaged lungs as well as developing personalised medicines and new curative treatments. Other priorities include: identification of subtypes of disease, assessing the effectiveness of patients and healthcare proxy communication, avoiding exacerbations and preventing fatigue, research on microbiome and better oxygen delivery systems, as well as improving adherence, promoting patient centeredness and health literacy, especially on environmental triggers.

Results
=======

Trends in overall respiratory disease
-------------------------------------

[Figure 1](#f1){ref-type="fig"} shows that between 1985 and 2015, overall respiratory disease mortality in the UK and EU15+ countries decreased for men and remained static for women. In the UK, there was a slight disjunction in the overall trend with increasing rates between 1990 and 1995 in both men and women. In the UK, the age standardised death rate (number of deaths per 100 000 population) from respiratory disease decreased for men (from 151 to 89) and remained static for women (68 to 67). In EU15+ countries, the age standardised death rate from respiratory disease decreased for men (from 108 to 69) and remained static for women (35 to 37). The results of mixed effects models showed significantly higher respiratory related age standardised death rates in the UK in men and women than in most countries. In men and women, all countries except Denmark showed statistically significantly lower mortality than the UK (all P\<0.05).

![Trend in age standardised death rates per 100 000 population](salj043917.f1){#f1}

Trends in subcategories of respiratory disease
----------------------------------------------

[Figure 2](#f2){ref-type="fig"} shows the trends for subcategories of respiratory diseases comparing the UK with EU15+ countries by sex. Infectious respiratory disease included influenza, pneumonia, and tuberculosis; neoplastic respiratory disease included malignancy of the bronchus, lung, and pleura; interstitial respiratory disease included idiopathic pulmonary fibrosis; obstructive respiratory disease included chronic obstructive pulmonary disease, asthma, and bronchiectasis; and other respiratory disease included pulmonary oedema and pneumothorax. The UK was an outlier for respiratory disease mortality in women for all causes assessed. For men, the UK was an outlier for infectious, interstitial, other, and (for part of the observation period (since 2005)) obstructive respiratory disease. Except for neoplastic respiratory disease, the UK showed significantly higher age standardised death rates than EU15+ countries for subcategories of respiratory disease.

![Trends in age standardised death rate for subcategories of respiratory disease mortality](salj043917.f2){#f2}

Post hoc sensitivity analyses
-----------------------------

Analysis of mortality from cardiovascular and cerebrovascular diseases, over the period from 1985 to 2015, showed favourable trends with decreased mortality for both the UK and EU15+ countries (supplementary fig 1). For men, the age standardised death rates for cardiovascular and cerebrovascular diseases decreased from 347 to 101 per 100 000 people in the UK, compared with a decrease from 253 to 83 in the EU15+ countries. For women, the age standardised death rate for cardiovascular and cerebrovascular diseases decreased from 204 to 60 in the UK, compared with a decrease from 155 to 53 in the EU15+ countries. For renal diseases, there were consistent decreasing trends over the observation period in the UK and EU15+ countries (supplementary fig 2). For men, the age standardised death rate decreased from 6.7 to 2.3 in the UK, compared with the decrease from 8.1 to 5.5 in the EU15+ countries. For women, the age standardised death rate decreased from 4.6 to 1.8 in the UK, compared with the decrease from 5.5 to 4.2 in the EU15+ countries.

Discussion
==========

Principal findings
------------------

In this observational analysis of national mortality statistics, we found greater mortality from respiratory disease in the UK than in the EU15+ countries over the period from 1985 to 2015. The overall trend of respiratory disease mortality in the UK and EU15+ countries is continuing to decrease, but there remains a persistent difference between the UK and other EU15+ countries. The difference in mortality between the UK and other similar countries does not exist for other chronic medical conditions such as cardiovascular and cerebrovascular diseases, or death from renal disease. Respiratory disease mortality differences are present across subcategories of respiratory related causes of death, except for cancer related deaths. The UK is an outlier for mortality secondary to obstructive, interstitial, and infectious respiratory disease.

Comparison with other studies
-----------------------------

The primary aim of our investigation was to compare mortality from respiratory disease in the UK with the EU15+ countries over the period 1985 to 2015. Our hypothesis was based on previous reports which have suggested relatively high mortality in the UK with respect to specific respiratory disease such as chronic obstructive pulmonary disease and lower respiratory tract infections. Overall, the trend in respiratory disease mortality is decreasing in both the UK and EU15+ countries at nearly equal rates. Our findings accord with previous reports which found that age specific all cause mortality has decreased in the UK compared with similar countries between 1990 and 2010, but only for men older than 55.[@ref3] Previously, it has been postulated that these discrepancies were due, in part, to the legacy of high tobacco use in the UK compared with other countries.[@ref12] [@ref13] However, this trend has been on the decrease in the 1970s and, despite improvements in reducing tobacco consumption in the UK, we found comparatively high mortality rates persist even in 2015. Pollution could be another factor contributing to the higher respiratory disease mortality. The 2017 WHO World Health Statistics reported 25.7 deaths per 100 000 in the UK attributable to household and ambient air pollution, which is greater than most of the comparator countries used in this investigation (with the exception of Austria, 34.2 per 100 000; Belgium, 30.2 per 100 000; Germany, 32.5 per 100 000; Greece, 45.1 per 100 000; and Italy, 35.2 per 100 000).[@ref14] These risk factors are particularly noticeable for chronic obstructive pulmonary disease. A previous Global Burden of Disease study reported that smoking and ambient particulate matter could explain 73.3% of disability adjusted life years owing to chronic obstructive pulmonary disease.[@ref15]

Our analysis does not provide information beyond identification of national differences and the trends observed over this period. Therefore, any discussion of underlying causation remains speculative. However, it should be considered whether a proportion of the observed differences can be regarded as amenable mortality. Amenable mortality has been defined as conditions leading to death or disability which would not occur in the presence of timely and effective medical care.[@ref16] It has also been argued that amenable mortality provides a more useful indicator of the success of a healthcare system.[@ref17] All respiratory diseases are included within previously reported descriptions of amenable mortality, which could have implications for the UK as an outlier with respect to mortality from these conditions.[@ref18]

There is a disjunction in the trend for UK respiratory mortality in the early 1990s, with an increase in mortality that contrasts with the near linear trend over the same period in the EU15+ countries. This disjunction is likely to be secondary to coding changes as opposed to a true increase in respiratory mortality. Two relevant changes occurred in the UK at this time. Firstly, the UK changed its coding practices to align with international standards on determining the underlying cause of death (specifically use of "Rule 3").[@ref19] Secondly, the UK adopted automated computerised coding of underlying cause of death in an attempt increase consistency and international comparability.[@ref20]

For individual causes of death, the trend for lung cancer mortality in men is decreasing both in the UK and in EU15+ countries over the past decade and the trend in women is either neutral or increasing over time. There was no appreciable difference between the UK and EU15+ countries for lung cancer in men and, for women, slightly higher lung cancer mortality in the UK than in EU15+ countries. Lung cancer consistently ranks among the most lethal of cancers and accounted for upwards of 695 000 deaths in men and 681 000 deaths in women, worldwide in 2008.[@ref21] Many factors are associated with the development of lung cancer and, globally, lung cancer mortality has fallen substantially, attributed largely to earlier diagnosis and smoking cessation as well as reductions in environmental carcinogens (eg, asbestos).[@ref22] The current data suggest that the UK has made substantial improvements in overall lung cancer mortality rates and has kept pace with the remainder of EU15+ countries.

We observed sex specific differences in mortality between the UK and EU15+ countries for obstructive respiratory diseases. Whereas mortality trends for men in the UK are similar to EU15+ countries, women in UK had significantly greater mortality than EU15+ countries with respect to obstructive respiratory diseases. Using similar methods, López-Campos analysed trends in mortality from chronic obstructive pulmonary disease using data from the statistical office of the EU (Eurostat).[@ref23] These investigators found that, overall, rates of death from chronic obstructive pulmonary disease across the EU were falling, with greater decreases in men than in women over the observation period, and an overall narrowing of the mortality gap between the sexes. Furthermore, these investigators compared mortality from chronic obstructive pulmonary disease between EU member states (by using standardised rate ratios of individual countries) and the entire EU. Mortality from chronic obstructive pulmonary disease was noted to be consistently greater in Ireland, Hungary, and Belgium for men, and in the UK and the Netherlands for women. In a subsequent study, López-Campos and colleagues used a prospective audit to show noticeable variability across 13 European countries in resources available for healthcare provision for chronic obstructive pulmonary disease.[@ref24] Ebmeier and colleagues showed that in individuals aged 5 to 34, global asthma mortality rates have decreased since 1993 to reach a plateau in 2006; they did not find that the UK was an outlier for mortality in this population.[@ref25]

Mortality from infectious respiratory diseases has decreased over the period from 2001 to 2015 in both the UK and EU15+ countries for both men and women. These findings indicate a higher burden of mortality from infectious causes of death in the UK than in EU15+ countries, regardless of sex. This difference is supported by the 2016 Global Burden of Disease report, which showed higher mortality from respiratory tract infection in the UK than in similar countries (62 deaths per 100 000 in the UK *v* 38 per 100 000 in both France and Germany).[@ref26] In addition, the magnitude of the difference between the UK and EU15+ countries appears to be greater in women, but the exact mechanisms as to why women in the UK would have worse outcomes from infectious respiratory diseases than in men is unclear. One potential explanation includes convergence in the rates of smoking between men and women during the observation period.[@ref27]

Interstitial respiratory diseases showed noticeable differences between the UK and EU15+ countries and between sexes. We have previously reported on trends relating to idiopathic pulmonary fibrosis across EU member states and showed overall increasing trends in most countries.[@ref28] While the increasing mortality may be related to its increased incidence in an ageing population, it is also possible that improved diagnostic capabilities are leading to greater case identification.

Strengths and limitations
-------------------------

Our results build on previous work from the Global Burden of Disease and other epidemiological studies.[@ref3] [@ref15] [@ref26] The strengths of our investigation include the use of annual mortality data collected from national surveillance statistics for which the WHO routinely validate to ensure reliability. These data have made it possible to assess the population level trends over an extended observation period to minimise the limitation of making comparisons between countries on the basis of cross sectional data from one year. To further elucidate potential mechanisms driving the differences observed in the current investigation, future work should characterise trends at subnational levels and also make a comparative analysis of health systems with low mortality rates in order to determine how these characteristics differ from those health systems with higher mortality rates from respiratory diseases. Such an analysis could examine the differences in economic factors (eg, gross domestic product and health and social care expenditure), health coverage and health service provision (eg, access to primary and specialist care), and differences in health behaviours (eg, diet, obesity, smoking). These research priorities---in particular health behaviours and adherence---are in agreement with the areas of interest highlighted by patients with chronic lung diseases ([box 1](#box1){ref-type="boxed-text"}).

Several limitations must be considered when interpreting the results of our study. Firstly, we made comparisons between the UK and EU15+ countries based on previous studies which have reported a higher burden of disability and mortality in the UK than in these similar economies. However, other important differences between the UK and these countries in terms of population, demographics, and other features may contribute to these different overall health outcomes. Secondly, we did not attempt to assess morbidity or disability associated with respiratory disease and, with the current dataset, we were unable to assess prevalence of respiratory disease in respective countries. Thirdly, there are major gaps in the coverage of death registration and persisting questions regarding the quality of death registration data. For example, although certification of lung cancer has relatively high (\>95%) confirmation rate using a tissue diagnosis, other conditions such as pneumonia can have discrepancies between certification and true cause of death.[@ref29] [@ref30] [@ref31] WHO consistently monitors data entry to ensure completeness of data as well as quality of cause-of-death assignment.[@ref32] Further, as with any observational study, the possibility remains that substantial confounding exists as there are multiple health, economic, and social determinants that could contribute to health outcomes.

Conclusions
-----------

Although the overall mortality from respiratory disease has decreased over the period from 1985 to 2015 in the UK and EU15+ countries, there is a persistent mortality gap between the UK and EU15+ countries. Additional investigations are required to characterise differences in economic, healthcare system, and health behaviour across these countries for patients with respiratory diseases.

### What is already known on this topic

1.  Mortality from respiratory disease can be reduced through effective healthcare interventions

2.  National mortality statistics are used to benchmark health system performance and identify countries with high mortality

3.  According to reports including the Global Burden of Disease, the UK has higher mortality from respiratory diseases than other countries with similar health system performance

### What this study adds

1.  From 1985 to 2015, mortality from respiratory disease overall was decreasing in the UK and in countries with similar health system performance

2.  Mortality from obstructive, infectious, and interstitial respiratory diseases was higher in the UK than in similar countries
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